The latest evaluation of atomic weight determinations and other cognate data has warranted five changes for the standard atomic weights of the elements, A r (E), from those published previously in the 
INTRODUCTION
The Commission on Isotopic Abundances and Atomic Weights (CIAAW) met in Pisa, Italy under the chairmanship of Prof. T. P. Ding from 30 to 31 July 2007, prior to the 44 th IUPAC General Assembly in Torino, Italy. The Commission decided to publish the report "Atomic Weights of the Elements 2007" as presented here. The resulting Table of Standard Atomic Weights is given in alphabetical order of the principal English names in Table 1 and in order of atomic number in Table 2 . The standard atomic weights reported in Tables 1 and 2 are for atoms in their nuclear and electronic ground states.
At the 2007 meeting, the Commission reviewed recommendations of its Subcommittee on Isotopic Abundance Measurements (SIAM), which reviewed the literature from the past two years since the most recent published version of atomic weights [1, 2] . The last complete compilation of isotopic compositions on an element-by-element basis was done in 2001 [3] . The SIAM data evaluation meeting was led under the chairmanship of Dr. M. Berglund.
The Commission periodically reviews the history of the standard atomic weight of each element, emphasizing the relevant published scientific evidence on which decisions have been made [4, 5] . The Commission wishes to emphasize the need for new precise calibrated isotope composition measure-*Sponsoring body: IUPAC Inorganic Chemistry Division, Commission on Isotopic Abundances and Atomic Weights: see more details on p. 2154. ‡ Corresponding author: mwieser@ucalgary.ca by custom makes a statement on the reason for the change and includes a list of past recommended values over a period in excess of the last 100 years, which are taken from [7] . Values before the formation of the International Committee on Atomic Weights in 1900 come from [8] .
The names and symbols for those elements with atomic numbers 112 to 118 referred to in the following tables, are systematic and based on the atomic numbers of the elements recommended for provisional use by the IUPAC publication "Nomenclature of Inorganic Chemistry" [9] . These systematic names and symbols will be replaced by a permanent name approved by IUPAC, once the priority of discovery is established and the name suggested by the discoverers is examined, reviewed, and accepted. The systematic name is derived directly from the atomic number of the element using the following numerical roots:
1 un 2 bi 3 tri 4 quad 5 pent 6 hex 7 sept 8 oct 9 enn 0 nil
The roots are put together in the order of the digits that make up the atomic number and terminated by "ium" to spell out the name. The final "n" of "enn" is deleted when it occurs before "nil", and the "i" of "bi" and of "tri" is deleted when it occurs before "ium". The atomic weights of many elements are not invariant, but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant figure to which they are attributed) apply to elements of natural terrestrial origin. The footnotes to this table elaborate the types of variation that may occur for individual elements and that may be larger than the listed uncertainties of values of A r (E). Names of elements with atomic numbers 112 to 118 are provisional. Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. † Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the specific material. g Geological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the table may exceed the stated uncertainty. m Modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r Range in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value and uncertainty should be applicable to normal material.
Alphabetical order in English

Table 3
Relative atomic masses and half-lives of selected radionuclides. Listing of particular nuclides for elements numbered 112 and above in Table 3 does not imply any priority of the discovery of those elements on the part of the Commission.
[Prepared, as in previous years, by N. E. Holden, a former Commission member; a = year; d = day; h = hour; min = minute; s = second. The atomic weights of many elements are not invariant, but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant figure to which they are attributed) apply to elements of natural terrestrial origin. The last significant figure of each tabulated value is considered reliable to ±1 except when a larger single digit uncertainty is inserted in parentheses following the atomic weight. Atomic weights are quoted here to five significant figures unless the dependable accuracy is further limited by either the combined uncertainties of the best published atomic weight determinations, or by the variability of isotopic composition in normal terrestrial occurrences (the latter applies to the elements annotated "r"). The last significant figure of each tabulated value is considered reliable to ±1 except when a larger single digit uncertainty is inserted in parentheses following the atomic weight. Neither the highest nor the lowest actual atomic weight of any normal sample is thought likely to differ from the tabulated values by more than one assigned uncertainty. However, the tabulated values do not apply either to samples of highly exceptional isotopic composition arising from most unusual geological occurrences (for elements annotated "g") or to those whose isotopic composition has been artificially altered. Such might even be found in commerce without disclosure of that modification (for elements annotated "m"). Elements with no stable isotope do not have an atomic weight and such entries have a blank in the atomic weight column. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition and for these an atomic weight value is tabulated. For more detailed information, users should refer to the full IUPAC Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. † Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the specific material. g Geological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the table may exceed the stated uncertainty. m Modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r Range in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value and uncertainty should be applicable to normal material.
COMMENTS ON EVALUATIONS OF ATOMIC WEIGHTS AND ANNOTATIONS
The Commission regularly evaluates reports of atomic weight determinations to select the "best measurement" of the isotopic abundances of an element in a specified material. The best measurement may be defined as a set of analyses of the isotope-amount or isotope-number ratios of an element in a wellcharacterized, representative material with low combined uncertainty. To be considered by the Commission for evaluation, reports must be published in peer-reviewed literature, and the results should be given with sufficient detail that the Commission can reconstruct the uncertainty budget in its various components, including sample preparation, analysis of isotope-amount or isotope-number ratios, and data handling. Criteria used to evaluate a "best measurement" include:
The extent to which random and systematic errors have been assessed and documented in the report. The Commission seeks evidence that mass spectrometer linearity, mass spectrometric fractionation of ions of varying masses, memory, baseline, interference between ions, sample purity and preparation effects, and statistical assessment of data were carried out properly. Preference is given to measurements that are fully calibrated with synthetic mixtures of isotopes of the element of interest, covering the isotopic abundance variations of naturally occurring materials over the range of the masses of the isotopes in the material being analyzed.
2.
The relevance and availability of the analyzed material for the scientific community involved in isotopic measurements and calibrations. Preference is given to analyses of chemically stable materials that are distributed internationally as isotopic reference materials, e.g., by the U.S. New analytical techniques for isotope-amount ratio determinations have made a significant impact on how data are collected and reported. In the case of Zn, for the first time in the history of the Commission, a standard atomic weight was recommended based on a new best measurement determined by multiple collector inductively coupled plasma mass spectrometry (MC-ICP-MS).
Following are brief descriptions of the changes in the Table of Standard Atomic Weights resulting from the Commission meeting in 2007.
Lutetium
The Commission has changed the recommended value for the standard atomic weight of lutetium, A r (Lu), to 174.9668 (1), based on a recent measurement by [10] . The measurement does not qualify for a fully calibrated measurement because the linearity of the instrument was verified for a certified potassium isotopic reference material (NIST 985), but not Lu. Sr and Pb isotopic compositions were also employed to check for linearity. The instrumental isotopic fractionation of Lu was corrected using a fractionation factor determined for Yb [11] . The relatively low abundance of the 176 Lu in this two-isotope element means that even when applying the Commission's standard uncertainty protocol of increasing the reported uncertainty by 100 % because of an uncalibrated fractionation factor, the corrections still result in a standard atomic weight uncertainty reduction of a factor of 10 over previous determined values. The 176 Lu/ 175 Lu isotope-amount ratio, n( 176 Lu)/n( 175 Lu), reported by [10] is also determined by the Commission to be the best measurement from a single terrestrial source and the isotope amount abundances are x( 175 Lu) = 0.974 013 (12) and x( 176 Lu) = 0.025 987 (12) . The previous atomic weight value A r (Lu) = 174.967(1), recommended in 1981, was based on the mass spectrometric measurements of McCulloch et al. [12] . Historical values of A r (Lu) include [8]: 1909, 174.0; 1916, 175.0; 1940, 174.99; 1961, 174.97; 1969, 174.97(1); 1977, 174.967(3); 1981, 174.967(1) .
Molybdenum
The Commission has changed the recommended value for the standard atomic weight of molybdenum, A r (Mo), to 95.96 (2) , based on the first calibrated measurements with synthetic isotope mixtures using a thermal ionization mass spectrometer (TIMS) [13] . Although the authors of ref. [13] reduced uncertainties with renormalization of the ratios using the calculated fractionation factors of N( 100 Mo)/N( 95 Mo), the Commission adopted the conventional method of uncertainty calculations using the raw data and assigned the uncertainty of 0.02. The new value agrees marginally with the previous value of A r (Mo) of 95.94(2) with its enlarged uncertainty recommended in 2001 [14] . The new calibrated values for the isotope amount abundances of Mo determined by the Commission to be the best measurement from a single terrestrial source are x( 92 Mo) = 0.145 25 (15) (18), and x( 100 Mo) = 0.098 24(50). The previous value of A r (Mo) was based on chemical ratio measurements [15] , and the evaluated uncertainty of 0.03 was later included in 1969. The Commission reduced the uncertainty to 0.01 in 1975 but reevaluated and changed it to 0.02 in 2001. Historical values of A r (Mo) include [8]: 1882, 95.75; 1894, 96; 1896, 95.98; 1897, 95.99; 1900, 96; 1938, 95.95; 1961, 95.94; 1969, 95.94(3); 1975, 95.94(1); 2001, 95.94(2) .
Nickel
The Commission has changed the recommended value for the standard atomic weight of nickel, A r (Ni), to 58.693 4(4), based on the measurements published in [16] . The authors measured Ni isotope-amount ratios on an MC-ICP-MS with external normalization using doped Cu (SRM 976). They found that the atomic weights of a Ni reagent and nickel sulfide ore were outside of the range of values in the previous Table of Standard Atomic Weights. The footnotes "r" in Tables 1, 2 , and 5 arise because the variation in the atomic weights of Ni from normal sources limit the precision to which A r (Ni) may be reported. Historical values of A r (Ni) include [8]: 1892, 58.06; 1894, 58.7; 1896, 58.69; 1900, 58.7; 1909, 58.68; 1925, 58.69; 1955, 58.71; 1969, 58.71(3); 1973, 58.70(1); 1979, 58.69(1); 1989, 58.693 4(2) .
Ytterbium
The Commission has changed the recommended value for the standard atomic weight of ytterbium, A r (Yb), to 173.054 (5), based on the first calibrated measurements with synthetic isotope mixtures using a TIMS [11] . The isotopic composition of Yb reported in [11] is also determined by the Commission to be the best measurement from a single terrestrial source. The isotope amount abundances are x( 168 Yb) = 0.001 232 (4) (3) was originally based on the chemical determination from 1934 and was confirmed by mass spectrometric data in [17, 18] as summarized by the Commission in 1961 [19] . The evaluated uncertainty was added for the first time in 1969. Historical values of A r (Yb) include [8]: 1882, 173.16; 1894, 173.0; 1897, 173.19; 1900, 173.2; 1903, 173; 1909, 172.0; 1916, 173.5; 1925, 173.6; 1931, 173.5; 1934, 173.04; 1969, 173.04(3) .
Zinc
The Commission has changed the recommended value for the standard atomic weight of zinc, A r (Zn), to 65.38(2) based on a fully calibrated measurement [20] . The authors calibrated their instrument using synthetic mixtures of highly enriched Zn isotopes. Their value for A r (Zn) measured from the isotope reference material IRMM-3702 is 65.377 77 (22) , which is significantly different from the previous IUPAC value of 65.409(4) [1, 2] . The latter is based on a calibrated measurement by Chang et al. using TIMS [21] . A calibrated MC-ICP-MS measurement by Tanimizu et al. [22] found an atomic weight of Zn of 65.3756 (40) , also significantly different from the earlier value [21] . It is important to note that the atomic weight of Zn of 65.377(3) determined much earlier using coulometric techniques [23] is in good agreement with the measurement by Ponzevera et al. [20] and Tanimizu et al. [22] . Both [20, 22] proposed that the atomic weight reported in Chang et al. [21] was affected by a systematic measurement bias. Ponzevera et al. analyzed an aliquot of the same material as Chang et al. (IM-1009 in ref. [20] and Sample 2 in ref. [21] ) and found a significant difference between their MC-ICP-MS result and the value reported in Chang et al. [21] . Ponzevera et al. [20] also analyzed a commercial Zn shelf reagent (IRM-651) for its absolute isotopic composition. This measurement confirms earlier reports in the literature of significant variations in Zn isotopic composition in natural geological samples and Zn reagents. The standard atomic weight of Zn and its associated uncertainty recommended by the Commission 65.38 (2) includes the reported variations in natural Zn isotopic abundances and, thus, variations in the Zn atomic weight in nature. This recommendation also includes the Zn atomic weight of 65.396(5), which was obtained by a calibrated measurement of an unspecified Zn sample by electron impact mass spectrometry [24] . The uncertainty reported in [20] was expanded to encompass known variations in the isotopic composition of Zn in natural materials. The footnotes "r" in Tables 1, 2 , and 5 arise because the variations in the atomic weights of Zn from normal sources limits the precision to which A r (Zn) may be reported. The isotope amount abundances of IRMM-3702 reported by [20] were also determined by the Commission to be the best measurement from a single terrestrial source and the isotope amount abundances are x( 64 Zn) = 0.491 704(83), x( 66 Zn) = 0.277 31 (11) , x( 67 Zn) = 0.040 401 (18) , x( 68 Zn) = 0.184 483(69), and x( 70 Zn) = 0.006 106 (11) . Historical values of A r (Zn) include [8]: 1882, 65.05; 1894, 65.3; 1896, 65.41; 1900, 65.4; 1909, 65.7; 1910, 65.37; 1925, 65.38; 1961, 65.37; 1969, 65.37(3); 1971, 65.38(1); 1983, 65.39(2); 2005, 65.409(4) .
Relative atomic mass values and half-lives of selected radionuclides
For elements that have no stable or long-lived nuclides, the data on radioactive half-lives and relative atomic mass values for the nuclides of interest and importance have been evaluated, and the recommended values and uncertainties are listed in Table 3 . It must be noted that the listing of particular nuclides for elements numbered 112 and above in Table 3 does not imply any priority of the discovery of those elements on the part of the Commission.
As has been the custom in the past, the Commission publishes a table of relative atomic mass values and half-lives of selected radionuclides, although the Commission has no official responsibility for the dissemination of such values. There is no general agreement on which of the nuclides of the radioactive elements is, or is likely to be judged, "important". Various criteria such as "longest half-life", "production in quantity", and "used commercially" have been applied in the past to the Commission's choice.
The information contained in this table will enable the user to calculate the atomic weights of radio active materials with a variety of isotopic compositions. Nuclidic mass values have been taken from the 2003 atomic mass Table [6] . Some of these half-lives have already been documented [31] [32] [33] [34] . Tables 1,  2 , and 5 indicates that the precision in the value of A r (Zn) is limited by the variability in the isotopic composition measured in normally occurring materials. The data are taken from (a) Chang et al. [21] and IUPAC [1, 2] , (b) Rosman [24] , (c) IRMM-651 [20] , (d) IM-1009 [20] , (e) IRMM-3702 [20] , (f) Tanimizu et al. [22] , (g) Leyland et al. [25] , (h) Hess et al. [26] , (i) Bainbridge et al. [27] , (j) Hibbs [28] , (k) Okamoto et al. [29] , (l) Marinenko et al. [23] , and (m) Konishi et al. [30] . The figure is modified from [20] .
ABRIDGED TABLES OF STANDARD ATOMIC WEIGHTS
It has been noted that the detail and the number of significant figures found in the full Table of Standard  Atomic Weights (Tables 1 and 2 ) exceed the needs and the interests of many users, who are more concerned with the length of time during which a given table has validity to the precision limit of their interests. Tables abridged to four or five significant figures are published with the reasonable hope that not even one of the quoted values will need to be changed because of the biennial revision of the unabridged table, although the quoted uncertainties may be altered. Any change in an abridged value will likely be by only one unit in the final significant figure or by the addition of a fifth significant figure. Such constancy in these values is desirable for textbooks and numerical tables derived from atomic weight data. Standard atomic weights abridged to four and five significant figures are presented in Tables 4 and 5 
RECOMMENDATION FOR A NEW BEST MEASUREMENT OF n( 40 Ar)/n( 36 Ar)
The Commission-recommended value for the isotope-amount ratio of Ar isotopes n( 40 Ar)/n( 36 Ar) in air has been changed to 298.56(31) from 296.03(53) on the basis of new partially calibrated measurements [38] . The corresponding atomic weight from atmospheric Ar is indistinguishable from the previous standard atomic weight for Ar of 39.948(1) for which the uncertainty accommodates for the variability. The new isotope-amount ratio from Lee et al. [38] is 1 % higher than the value accepted previously. This is significant in the age dating of geological systems using the Ar-K-Ca decay scheme. An accurate determination of an age depends on a reliable n( 40 Ar)/n( 36 Ar) isotope-amount ratio of the initial argon present before the mineral became isolated and the geological clock began "ticking". Often, Ar-K-Ca dating calculations employ the n( 40 Ar)/n( 36 Ar) isotope-amount ratio from Nier of 295.5(5) [39] . An inaccurate value for the isotope composition of the initial Ar present in the mineral would result in a systematic offset to argon ages.
RECOMMENDATIONS FOR THE INCLUSION OF SYSTEMATIC ERRORS IN THE PUBLICATION OF MASS SPECTROMETRIC ISOTOPE-RATIO MEASUREMENTS
The recommendations below are presented so that individuals engaged in mass spectrometric isotoperatio measurements can ensure that their publications include all of the information needed for a systematic evaluation of isotope-ratio-measurement uncertainty by CIAAW. The primary task of CIAAW is the biennial evaluation of published isotope-ratio measurements to identify elements whose standard atomic weight and uncertainty can be revised. The exclusive basis of these CIAAW decisions is the information that is provided in the original peer-reviewed publication describing the measurement. CIAAW and SIAM use only peer-reviewed published information. Mass spectrometric measurements are a complex task and are subject both to systematic and statistical errors in the measurement itself and in the various steps involved in the preparation of the measurement and the evaluation of measurement data. To fulfill its task, CIAAW needs to assess the quality of a published measurement, specifically by (a) evaluating possible sources of errors in the measurements and their magnitude and (b) evaluating if sources of error have been properly considered by the authors and propagated to the primary measurement result, i.e., the published isotope ratios. From the reported isotope ratios, isotopic abundances can be calculated and multiplied with the nuclide masses to obtain the atomic weight of the element in the analyzed sample. Based on this assessment, SIAM/CIAAW makes a judgment in how far reported uncertainties in the measurement need to be expanded in order to ensure that the "true" value of the atomic weight of the element in the analyzed sample(s) lies within the margins set by the final uncertainty statement published together with the standard atomic weight. For elements showing substantial natural variations in isotopic abundances, this uncertainty may have to be expanded beyond purely measurement-related uncertainties in the underlying isotope-amount ratios or isotopic abundances. From this, it becomes apparent that the successful work of CIAAW depends largely on the availability of all information that is necessary for a comprehensive evaluation of a reported isotope-amountratio measurement in the literature. Sources of errors in isotope-amount-ratio measurements can be random or systematic. Authors normally account for random errors, but some systematic errors may be unaccounted for when looking at the data from a CIAAW perspective. This might be because sources of error were unimportant for the topic of the publication or sources of error were overlooked. For the Commission, a proper uncertainty evaluation considering both random and potential systematic errors is important for transparency and consistency of its published data. Potential systematic errors in the measurement will be accounted for by expanding the uncertainty in the measurement symmetrically. From the corrected isotope-amount ratios, both isotope abundances and atomic weights can be calculated.
An evaluation of isotope abundance data by the Commission generally proceeds as follows:
1. Potential best measurement publications are selected by SIAM. 2.
SIAM makes a review and extracts measurement results following these guidelines. The published isotope-amount ratios and their associated uncertainties are transferred to an element evaluation form. To allow combination with other data, the reported uncertainties must be converted to standard uncertainties. To convert to standard uncertainties, SIAM follows the recommendations in the JCGM Guide to the Expression of Uncertainty in Measurement (GUM) [41] . The re- 
